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Introduction 
Vocal fatigue 
 Vocal fatigue is used to indicate the negative adaptation of the vocal folds resulted 
from a prolonged use of voice (Scherer, Titze, Raphael, Wood, Ramig & Blager, 1991; 
Welham & Maclagan, 2003). The common voice symptoms for vocal fatigue can be 
hoarseness, tiredness in the throat, lower fundamental frequency, scratchiness or effortful 
voice production (Smith, Kirchner, Taylor, Hoffman & Lemke, 1998). It is commonly 
reported by people who rely on their voice for occupational purposes, such as teachers, 
actors, singers or salespersons. According to Boucher and Ayad (2010), occupational 
voice fatigue may lead to the development of vocal fold lesion. Therefore, the features for 
accurately identifying vocal fold fatigue had raised the concern of many researchers. 
 Vocal fatigue has been investigated by using qualitative or quantitative methods. 
However, no universal agreed definition can be reached. Welham and Maclagan (2003) 
described vocal fatigue as ‘a significant challenge to contemporary research and clinical 
practice’ (p. 21). In general, trained speakers demonstrated higher tolerance to vocal 
fatigue than untrained speakers (Solomon & DiMattia, 2000). A study which examined 79 
female teachers had found a significant increase in fundamental frequency and sound 
pressure level of their voice, but a significant reduction in the acoustic measures (jitter 
and shimmer values) after one working day (Laukkanen, Ilomaki, Leppanen & Vilkman, 
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2008). However, two other studies documented an increase in jitter, shimmer and noise to 
signal ratio after one-hour prolonged reading (Gelfer, Andrews & Schmidt, 1991; Scherer 
et al., 1991). Stemple, Stanley and Lee (1995) also found an increase in fundamental 
frequency with vocal fatigue. Phonation threshold pressure was reported to be increased 
(Solomon & DiMattia, 2000) when vocal folds were in low-hydration condition. 
Effect of phonation on blood circulation of the vocal folds 
 Titze (1994) hypothesized a number of mechanisms that may contribute to vocal fold 
fatigue. Reduced blood circulation is one of them. In the past, studies have been carried 
out on blood circulation to vocal fold upon phonation. Controversial findings have been 
reported. Matsuo, Oda, Tomita, Machara, Umuzaki and Shin (1987) determined the 
change in blood circulation on phonation in canine vocal folds. Platinum needle-type 
electrodes were placed in the muscles and mucosa of the vocal folds to measure the 
change in tissue oxygen pressure. The results showed an ischemic change occurred in the 
vocal folds upon phonation. This agrees with the hypothesis suggested by Griffin (1990), 
which stated that blood circulation is reduced during vibration. Arnstein, Berke, Trapp 
and Natividad (1989) used microsphere surface technique to examine canine vocal folds. 
However, an increase in blood flow to the vocal folds was found during phonation as a 
result. Nevertheless, the effect of vocal fold fatigue on blood circulation of the vocal fold 
during phonation remained unproven. 
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Examination of vocal fold vibration by visual examination 
 In addition to the above analysis, visual examination of vocal fold vibration pattern 
provides another dimension in quantitative analysis of vocal fatigue (Colton and Casper, 
1996). Anterior glottal chinks (Eustace, Stemple and Lee 1996; Stemple et al., 1995), 
anterior and posterior glottal chinks (Eustance et al., 1996) or spindle-shaped glottal 
closure (Eustace et al., 1996; Solomon & DiMattia, 2000) have been reported in many 
subjects who were vocally fatigued. By analyzing the images obtained from 
videostroboscopy, some subtle vocal fold pathologies can be identified (Casiano, Zaveri 
& Lundy, 1992). However, the true vibration of vocal fold cannot be fully understood as 
videostroboscopy only provides sequenced images in different phases of the glottal cycle 
across many different periods (Deliyski et al., 2008). 
High-speed laryngoscopy 
 With the advance in technology, high-speed laryngoscopy which can capture images 
up to 8000 frames per second is available in recent years. It can capture intra-cycle vocal 
fold vibration information in which videostroboscopy could not provide (Deliyski et al., 
2008; Yiu, Kong, Fong & Chan, 2010). Moreover, high speed videos provide information 
that cannot be extracted by acoustic signals and EGG signals. One of the examples was 
the voice onset and offset vibration periods. Kong and Yiu (2011) captured the 
pre-vibration of vocal fold before they reached normal vibration, and five more periods of 
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vibration before the vocal folds actually stopped.  
 The quality of laryngeal images has always been the key issue concerned in accurate 
diagnosis of functional or organic larynx disorders. Ilgner, Palm, Schutz, Spitzer, 
Westhofen and Lehmann (2003) compared the videos obtained from colored and 
grey-scale high-speed laryngoscopic images. The red, green and blue (RGB) channels 
were used separately and comparison was made against the traditional grey-scale analysis 
by clinicians based on a standardized questionnaire. Blue channel demonstrated 81.7% 
correct classification of lesion while grey-scale demonstrated 74.3% at best. The result 
demonstrated potential benefit in using color-based analysis in relation to vocal fold 
imaging.  
 In a recent study conducted by Lo (2011) using grayscale high-speed video processing 
technique to quantify vocal fold vibration in vocally fatigued voice, glottal length to 
width ratio index and posterior glottal length ratio index were found to be significantly 
decreased after induced vocal fatigue. It was hypothesized that the vocal folds stretch 
stronger after prolonged use. It was concluded to be a compensatory behavior resulted 
from the hyperfunctional muscular activities of thyroarytenoid and cricothyroid muscles.  
 Nevertheless, grayscale images can only provide 8-bit color in every pixel. This is, 
256 (2
8
) different intensities in one pixel of the image. This might limit the accuracy of 
images processing. In contrary, the RGB channels allow up to 24-bit of information for 
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each pixel, providing 16,777,216 (2
24
) discrete combinations of red, green and blue 
values. In this study, the images obtained from colored high-speed laryngoscopy will be 
quantified by Colored High Speed Vdieo Processing (HSVP) program. This is a program 
developed based on the grayscale HSVP program used by Kong and Yiu (2011). This 
program enables comparison of the brightness of RGB channels respectively between 
laryngoscopic images. This is to investigate the potential of using colored HSVP program 
in evaluating fatigued vocal folds. 
Method 
Participants 
Ten males and ten females with an age range of 19-26 years were recruited. The 
criteria were: (1) the participants did not receive any kind of voice training before, (2) 
reported by the participants, and confirmed by the investigator, that the participants have 
normal voice quality on the day of assessment, (3) the participants did not have chronic 
medical disorders, including respiratory or thyroid problems, (4) the participants did not 
have respiratory tract infection within a week from the day of assessment and (5) the 
participants did not have smoking or drinking habit. All the participants were needed to 
complete a form prior to the assessment (Appendix A). 
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Procedure 
Inducing fatigue 
 All the participants undertook a singing task. Based on two early studies (Yiu & Chan, 
2003; Lo, 2011), the mean maximum time needed for an individual to report vocal fatigue 
was between 92.4 minutes (Yiu & Chan, 2003) and 103.8 minutes (Lo, 2011). Therefore, 
in this current study, all the participants were asked to sing for at least 105 minutes. After 
105 minutes of singing, they were asked whether they felt tired in the throat or in voicing. 
If any of the subject reported that he/she was not feeling tired in the throat, he/she was 
asked to continue the singing task until he/she felt tired and could not sing anymore.  
 All participants were asked to fill in a self-rating form of their vocal condition before 
and after the singing task. People with vocal fatigue often reported that they have 
increased effort in voicing (Solomon and DiMattia, 2000), laryngeal discomfort (Carrol, 
Nix, Hunter, Emerich, Titze & Abaza, 2006), laryngeal dryness (Stemple et al., 1995) and 
increased hoarseness level (Kitch & Oates, 1994). Therefore, they were asked to rate their 
vocal conditions in the above four areas with an 11-point rating scale (Appendix B). 
High-speed laryngoscopic imaging 
 Pre-fatigue and post-fatigue high-speed laryngoscpic images were be taken. It was 
taken by using a rigid endoscope. Participants were asked to produce a sustained 
phonation of /i/ sound at their most comfortable pitch and loudness. A microphone that 
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was attached to the endoscope captured the synchronized sound signal. The voice onset 
and offset were excluded by capturing the middle two seconds of the /i/ sound. 
Fundamental frequency and intensity level of the /i/ sound were recorded. Three trials 
were recorded for each recording session (one before the singing task and one after the 
singing task). 
Data analysis 
Selection of comparable data 
 It is not always possible for the subjects to produce two identical /i/ sounds for the 
recording before and after the singing task. Therefore, each participant was asked to 
record three trials each before and after the singing task. The most comparable pairs were 
selected based on the smallest difference in fundamental frequency and intensity of the 
sound for each participant. Table 1 showed that there is no significant difference between 
the fundamental frequency of male participants (Wilcoxon signed rank test: Z = -1.28, p 
= .201), female participants (Wilcoxon signed rank test: Z = -0.87, p = .386) and intensity 
level of the production of /i/ sound (Wilcoxon signed rank test: Z = -0.32, p = .751) 
before and after the singing task.  
 
 
 
9 
 
Table 1. The mean, standard deviation and Wilcoxon signed rank test for the fundamental 
frequency and intensity level of the acoustic signal. 
 Mean and standard deviation Wilcoxon signed 
rank test 
 Before the 
singing task 
After the singing 
task 
Z P 
Fundamental 
frequency of 
male subjects 
(Hz) 
182.20 (33.09) 188.40 (27.39) -1.28 0.201 
Fundamental 
frequency of 
female 
subjects (Hz) 
280.50 (112.1) 280.30 (83.23) -0.87 0.386 
Intensity 
level (dB) 
87.05 (6.59) 87.53 (5.73) -0.32 0.751 
 
The colored HSVP program 
The images obtained from the high speed laryngoscopy were segmented and zoomed 
using the VirtualDub, a software for processing videos that can be freely downloaded at 
www.virtualdub.org. One hundred cycles of the vibration images were selected so as to 
provide sufficient frames for the colored HSVP program to process. As a result, 
1000-4000 frames of the images were chosen from the 8192 frames of the raw video 
depending on the fundamental frequency of the subjects’ production. 
 The colored HSVP program analysed color information of the vocal fold images 
obtained from high-speed laryngoscopy by adding an analyzing window onto the image. 
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The analyzing window consists of the central, left and right regions. The length and the 
width of the regions were defined by occupying different percentages of the whole 
window (as shown in figure 1). This is to maximize the number of pixels that can be 
processed by the program without including unnecessary information in the regions. For 
example, the laryngeal muscles should not be included in the left or right regions. Figure 
2 shows the analyzing window after adding onto the laryngoscopic image. 
          
Figure 1 shows the percentage of width 
and height occupied by the analysis 
windows 
Figure 2 shows the analyzsis window 
placing on the laryngoscopic image 
  
The central region was put on the glottis and the left and right regions was put on the 
right and left vocal folds respectively. The size of the window was adjusted manually in 
order to maximize the number of pixels that can be included in the analysis window. 
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Since the angle of the light source of the rigid endoscope varies each time due to the 
human hand control, the brightness of the images obtained before and after the singing 
task might be different. A reference brightness was set by using the brightness value 
obtained from the central region. In theory, the brightness values obtained from the 
central region should remain unchanged during maximized glottal opening, which is the 
minimum brightness value obtained from the whole analyzing window. This is because 
most of the light from the light source passes through the glottis and did not reflected 
back. Figure 3 shows an example of the analyzed result.  
 
Figure 3 The analyzed result from the red, green, blue and average brightness obtained 
from the central region (glottis color), right region (left vocal fold color) and left region 
(right vocal fold color). 
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 Only the minima brightness of 100 cycles in the curve were taken out and an average 
was calculated (vertical gray lines in figure 3). This was to ensure that the data obtained 
was the brightness of the glottis when there was a maximum glottal opening. After that, a 
ratio was calculated by using the results obtained from the central region before and after 
the singing task by the following equation: 
Brightness in central region before the singing task 
Brightness in central region after the singing task 
All the data obtained from the left and right regions of the window after the singing task 
was multiplied by the ratio in order to get comparable brightness values.  
 For the left and right regions, only data obtained from complete glottal closure for 100 
cycles of vibration was extracted in order to get comparable results. This is because in 
some of the participants, the amplitude of the vibration of vocal fold was too large so that 
the glottis was included in the left and right regions during maximum glottal opening. In 
fact, only the color brightness in the left and right regions during complete glottal closure 
was needed for the analysis. This ensured the color brightness obtained in the left and 
right regions were all from the vocal folds, but not the glottis. This was done by 
extracting the time bases every time when the curve in the central region reaches its 
maximum value (vertical grey dotted lines in figure 3). The maximum value in brightness 
indicates maximum glottal closure (because the brightness of the vocal folds was 
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relatively higher than the glottis). The values of brightness on the corresponding time 
bases (100 cycles) in the left and right regions were extracted and an average was 
calculated. Wilcoxon signed rank test was used to compare the mean difference of the red, 
green and blue channels’ brightness obtained from the left and right regions of the 
laryngoscopic images obtained before and after the singing task. 
Glottis ratio indices 
 After the color analysis, all the selected laryngoscopic images will be converted into 
grayscale by the HSVP program automatically as extracting the ratio indices from the 
colored images was not possible by the HSVP program at this moment. Ratio index of 
glottal length to width ratio indices was obtained. The definition of the length to width 
ratio index was adapted from Kong & Yiu (2011). That is, the actual glottal area, length 
and width could not be measured or calculated due to the unknown magnification factors 
(i.e. the distance between the rigid endoscope and the vocal folds was not consistent 
every time when the laryngoscopic image was recorded). Ratio indices will be used base 
on the following equation: 
Mean number of pixels from 100 vibratory cycles of the minimum glottal opening  
Mean number of pixels from 100 vibratory cycles of the maximum glottal opening 
Therefore, a decrease in the glottal length to width ratio index represents that the 
glottis became shorted and wider in the open phase, and vice versa.  
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Results 
Self-rating of vocal conditions before and after the singing task 
 Non-parametric Wilcoxon signed rank tests were used to compare the four pre- and 
post self-ratings (i.e. effort in voicing, vocal discomfort level, dryness level and 
hoarseness level) on an 11-point rating scale. Significant differences were found in all the 
four vocal condition ratings (see table 2). 
 
Table 2. The mean, standard deviation and Wilcoxon signed rank test for the self-ratings 
of vocal conditions  
 Mean and standard deviation Wilcoxon signed rank 
test 
 Before the singing 
task 
After the singing 
task 
Z P 
Effort in 
voicing 
1.45 (0.69) 7.65 (1.57) -3.94 0.001* 
Discomfort 
level in the 
throat 
0.20 (0.52) 6.80 (1.10) -3.94 0.001* 
Dryness level 
of the throat 
0.75 (0.64) 7.20 (1.47) -3.93 0.001* 
Hoarseness 
level of the 
voice 
0.40 (0.60) 6.10 (1.71) -3.95 0.001* 
*p < .05 (2-tailed) 
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Color brightness analysis 
 Wilcoxon signed rank test was used to compare the mean difference of the red, green 
blue brightness values obtained from left and right vocal folds and glottal length to width 
ratio index between pre-fatigue and post fatigue colored images.  
 
Table 3. The mean, standard deviation and Wilcoxon signed rank test for the brightness of 
different channels collected from the analysis windows 
 Mean and standard deviation Wilcoxon signed 
rank test 
 Before the 
singing task 
(n=20) 
After the singing 
task 
(n=20) 
Z P 
Left region 
Red channel 
brightness 
168.19 (52.95) 178.70 (71.16) -0.859 0.391 
Left region 
Green channel 
brightness 
132.73 (45.85) 144.11 (68.55) -0.523 0.601 
Left region 
Blue channel 
brightness 
115.43 (47.19) 123.27 (60.71) -0.747 0.455 
Right region 
red channel 
brightness 
166.94 (50.39) 180.37 (71.25) -1.269 0.204 
Right region 
green channel 
brightness 
130.16 (41.85) 146.31 (70.36) -1.307 0.191 
Right region 
blue channel 
brightness 
113.30 (41.12) 126.88 (61.81) -1.456 0.145 
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The effect size of the data collected was also calculated. After that, G*power (Buchner, 
Erdfelder, Faul & Lang. 2009) was used to calculate the sample size needed for 
demonstrating significant difference. The p-value was set at 0.05 and the power was 0.90. 
 
Table 4. The effect size and sample size of the left and right red, green and blue channel 
brightness. 
 Effect size Sample size 
Left side Red channel 
brightness 
0.186 262 
Left side Green 
channel brightness 
0.112 720 
Left side Blue channel 
brightness 
0.122 606 
Right side red channel 
brightness 
0.230 171 
Right side green 
channel brightness 
0.184 268 
Right side blue 
channel brightness 
0.205 216 
 
Glottal length to width ratio index 
 Wilcoxon signed rank test was used to compare the mean difference of the glottal area 
and glottal length to width ratio indices before and after the singing task. The result was 
shown in table 5. 
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Table 5. The mean, standard deviation and Wilcoxon signed rank test for glottal length to 
width ratio before and after the singing task. 
 Mean and standard deviation Wilcoxon signed rank 
test 
 Before the singing 
task 
(n=20) 
After the singing 
task 
(n=20) 
Z P 
Glottal length 
to width ratio 
index 
1.9870 (2.245) 0.7332 (0.758) -2.800 0.005* 
 
Inter-rater and intra rater reliability 
 Since the extraction of the data by using the HSVP program involved subjective 
manipulation (e.g. adding analysis window on the images manually), reliability 
measurement is needed to be carried out in order to measure the reliability of the result. 
10 out of 40 of all the videos (25%) were chosen for the reliability test. A final year 
undergraduate from Division of Speech and Hearing Sciences, University of Hong Kong 
was invited to analyze the selected images. The result was as summarized in tables 6 and 
7. No significant difference was found in all the measures for both inter-rated and 
intra-rated data. 
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Table 6. The inter-rater reliability of the segmentation of the selected frames. 
 ±100 frames ± 200 frames ± 300 frames ± More than 300 frames 
Inter-rater 6/10 50% 7/10 60% 9/10 80% 10/10 100% 
Intra-rater 7/10 70% 9/10 90% 10/10 100% 10/10 100% 
 
Table 7. Inter-rater and intra-rater comparison of the RGB channel brightness and ratio 
index 
 Wilcoxon signed rank test 
 Inter-rater comparison Intra-rater 
comparison 
 Z P Z P 
Red channel 
brightness 
-0.370 0.970 -0.149 0.881 
Green channel 
brightness 
-0.299 0.765 -1.120 0.263 
Blue channel 
brightness 
-0.299 0.765 -0.821 0.411 
Glottal length 
to width ratio 
index 
-0.968 0.333 -0.051 0.959 
 
Discussion 
Observable change in the laryngoscopic images 
 Ten of the twenty subjects demonstrated a posterior glottal chink in both the pretest 
and posttest. Only one of the subjects demonstrated a posterior glottal chink in the 
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posttest but not in the pretest. Two subjects, who did not demonstrate any anterior or 
posterior glottal chinks, showed incomplete glottal closure in the posttest but not in the 
pretest. The percentage of subjects demonstrating incomplete glottal closure after 
prolonged voice use was the same (2/20, 10%) as that in the study reported by Stemple et 
al (1995). A slight ‘bowing of vocal fold’ (Stemple et al., 1995) was observed in two of 
the subjects who demonstrated incomplete glottal closure during the posttest. Stemple et 
al. (1995) hypothesized that the bowing of vocal fold was caused by the weakness of 
throarytenoid muscles after a prolonged use of voice. It is hypothesized that the 
incomplete closure in the 2 subjects in this current study was caused by a decreased 
tension in the vocal folds due to neuromuscular fatigue in the laryngeal muscles after 
prolonged voice use. Neuromusclar fatigue was defined as a reduction in the maximal 
capacity for muscles to generate target force or power output after prolonged use 
(McArdle, Katch & Katch, 2010; Vollestad, 1997). Neuromuscular fatigue exists in 
extrinsic and/or intrinsic laryngeal muscles may result in a decreased ability in 
maintaining the maximal tension in vocal folds (Symposium: Care of the Professional 
Voice & Lawrence, 1984), therefore causing the incomplete closure.  
Results from colored HSVP program 
 There was no significant difference when the mean brightness values obtained from 
the left and right red, green and blue channels were compared (see table 4). It may be due 
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to the scant blood flow of the vocal folds. According to a study conducted by De Biase 
and Pontes (2008), visible vessels were only observed in 31.4% of the 70 normal subjects 
(with no vocal complaints and lesion) in the control group. Titze (1993) also suggested 
that the blood vessels in the mucosa of vocal folds of normal population are very tiny. 
The color HSVP program needs to collect pixels in a given region in order to analyze the 
change in brightness in RGB channels. However, none of the subjects in this study 
presented visible blood vessels on the surface of their vocal folds. This explained for the 
statistically insignificant and the small effect size calculated from the data obtained 
(Table 4). The sample size needed to give significantly different results was too large, 
which was impractical. It was concluded that the physiological change in vocal fold after 
vocal fatigue was not able to be detected by the color HSVP program. 
Results from the length to width ratio index 
 Statistics showed that there was a reduction in the length to width ratio index after the 
singing task (see table 5). It indicated that the shape of glottis became wider and shorter 
in the open phase after the singing task. The result concurs on the findings from a study 
conducted by Lo (2011), which also found that there was reduction in glottal length to 
width ratio for subjects during the posttest. Gelfer, Andrews and Schmidt (1996) also 
found that there was an increase in amplitude of excursion of the vocal folds after 
prolonged voice use for 8 untrained subjects by using a subjective rating scale.  
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In order to collect comparable laryngoscopic images before and after the singing task, 
the participants were encouraged to produce vowel /i/ with similar pitch and loudness in 
the pretest and posttest. It is hypothesized that the participants in the current study 
adapted a compensatory behavior as their vocal fold muscles were being weak and 
fatigued during the posttest. They might need to use extra effort in order to produce an /i/ 
vowel with pitch and loudness similar to the pretest. The results from the self-rating of 
throat condition before and after the singing task also coincide with the hypothesis as the 
participants rated that they need more effort in voicing after the singing task (see table 1). 
Chang and Karnell (2004) suggested that the increase in lung pressure provided to initiate 
and sustain phonation in fatigued vocal folds is related to the increase in perceived 
phonatory effort. The increased lung pressure might increase the amplitude of the 
vibration of the vocal folds during the posttest, thus making the glottis became wider in 
the open phase. 
Chang and Karnell (2004), Gotaas & Starr (1993) and Stemple et al. (1995) also 
documented that the phonatory effort increased with fatigued voice. In the study 
conducted by Chang and Karnell (2004), a direct and strong correlation was found 
between phonatory effort and phonation threshold pressure (PTP). PTP was defined as the 
minimal lung pressure required to initiate vocal fold vibration (Solomon, Glaze, Arnold 
and Mersbergen, 2003). Solomon et al. (2003) also reported that the PTP of 4 vocally 
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normal men increased after a loud reading task. It might further strengthen the hypothesis 
as the increase in PTP was a compensatory method secondary to the fatigue in vocal folds. 
However, the hypothesis is needed to be proven by further research as the PTP of the 
participants in the current study was not measured. 
 The results in the current study was somewhat contradict to the findings which shows 
a reduced amplitude of vocal fold vibration after fatigue (Solomon et al., 2003). The 
reduction in the amplitude of vocal fold vibration might be explained by the hypothesis of 
‘critical fatigue’ (Boucher and Ayad, 2010). Boucher and Ayad (2010) reported that 
thyroarytenoid and cricothyroid muscles will have increased muscular activities in order 
to compensate for the decrease in muscular activity in lateral cricoarytenoid muscles. The 
increased muscular activities in thyroarytenoid and cricothyroid muscles cause an 
increase in the tension in vocal folds, thus making it stiffer (Boucher and Ayad, 2010). 
The increased tension in vocal folds might cause the reduction in amplitude of the vocal 
fold vibration. The different methodology used and individual differences might account 
for the discrepancy between the results obtained from the current study and the study 
conducted by Solomon et al. (2003). The participants in the study of Solomon et al. (2003) 
were given training sessions for the PTP tasks and effort ratings prior to the session of 
data collection. The participants might have adapted a different compensatory behavior 
for the fatigued vocal fold after several training sessions of loud reading. Moreover, when 
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the individual data in this current study was further examined, it was found that three of 
the participants demonstrated an increase in the glottal length to width ratio index after 
the singing task. An increase in the glottal length to width ratio index indicated that the 
glottis became longer and narrower in the open phase. In other words, it was a decrease in 
the amplitude of vocal fold vibration. The result indicated that different individuals might 
adapt different compensatory strategies towards a vocally fatigued state. 
Limitation 
 Nevertheless, there were some limitations concerning the methodology used in this 
current study. The rigid endoscope used limited the participants to produce only the 
vowel /i/ during the recording of the laryngoscopic images. Otherwise, the epiglottis 
might block the view of the vocal folds and the endoscope would not be able to capture 
the image of the whole glottis. Moreover, only the most stable segment of 2 seconds of 
the /i/ sound was selected for interpretation. The voice onset and offset of the vocal fold 
were excluded in the study. The pitch and loudness were also controlled. The effect of 
vocal fatigue to any change in frequency and intensity was not investigated. 
 Concerning about the HSPV program, the technique of motion compensation should 
be further improved. The laryngoscopic images recorded by the rigid endoscope might 
shift from the center of the screen from time to time due to the unstableness of human 
hand. Motion compensation was used in order to relocate the glottis into the center of the 
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screen whenever the glottis shifts across pixels. This ensures the glottis to be examined 
always lies inside the analyzing window. However, the technique of motion compensation 
used at this moment was not fully developed. A slightly shifting of the glottis was still 
observed after motion compensation. This creates difficulties in further analyzing the 
vocal fold vibration pattern such as asymmetric vibration of the vocal folds because the 
glottis location might shift from time to time. 
 Furthermore, the sample size in this study was small. It is recommended to carry out 
data collection in a larger scale in order to increase the power of the findings.  
Clinical implication 
 High speed laryngoscopy is a powerful tool in identifying physiological changes of 
vocal fold vibration. As chronic vocal fatigue may increase the risk in developing other 
voice disorders (Colton, Casper & Leonard, 2006), early identification of vocal fatigue is 
one of the method to prevent voice disorders. High speed laryngoscopy, together with 
quantitative analysis, were recommended to accompany with the use of other 
visualization methods (e.g. videostroboscopy) and acoustic measurement (e.g. PTP) in 
order to yield a more comprehensive and holistic findings of the physiological change in 
vocal fold during fatigued state. 
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